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Riparian vegetation, which normally differs structurally
and compositionally from surrounding vegetation, has
been degraded in many parts of the fynbos biome by
several species of invasive Australian Acacia.
Systematic clearing of dense stands of these alien trees
was initiated in 1995, and information is urgently need-
ed to guide the restoration of riparian habitats. A prob-
lem is that degradation of these communities is so
advanced and widespread that in many cases managers
do not know what species to use in restoration, or what
kinds of target communities to aim for. This study’s aim
was to provide baseline information on riparian plant
community structure and composition from non-trans-
formed habitats. Species and environmental data were
recorded from 76 sites located along the headwater sys-
tems of six rivers in the southwestern part of the
Western Cape province. Analysis of the data, applying
multivariate classification (TWINSPAN) and ordination
(Detrended Correspondence Analysis) techniques,
identified four prospective plant communities: 1) a
Nivenia corymbosa–Brachylaena neriifolia Community;
2) a Leucadendron salicifolium–Berzelia lanuginosa
Community; 3) a Cliffortia ruscifolia–Metrosideros
angustifolia Community; and 4) a Kiggelaria
africana–Brabejum stellatifolium Community. These
formed a continuum with only the Leucadendron and
Kiggelaria communities separating in ordination space.
Soil pH differed between the latter two communities,
reflecting different geology. It was found that many
riparian specialist species are relatively widespread.
For the study area, it is concluded that where informa-
tion on the historical composition of riparian communi-
ties is lacking, target communities for restoration can
be defined from pristine communities with similar geol-
ogy, and secondly, altitude. In all cases the target com-
munity will comprise a large proportion of widespread,
predominantly resprouting, riparian species.
There are no formal published descriptions or classifications
of riparian vegetation in the Western Cape. Much of the cur-
rent information is restricted to specific rivers in unpublished
reports (e.g. Boucher 1998) and theses (e.g. Sieben 2003).
Some studies have included riparian habitats within a larger
terrestrial matrix (e.g. Boucher 1978b, McDonald 1988,
Taylor 1996), but riparian zones have mostly received less
attention owing to the narrow band they form within the ter-
restrial matrix.
The geomorphology of most Western Cape rivers is char-
acterised by the Cape Fold Belt mountains that dominate the
area, rising to an elevation of about 2 000m. These moun-
tains comprise rocks of the Table Mountain Group series
(mainly sandstones) that yield predominantly nutrient-poor
substrata. Owing to the short distances between mountains
and coast, headwater stream systems dominate the land-
scape and in some rivers comprise the predominant system.
From the steep mountainous terrain, the rivers flow through
a foothill zone, often on Cape Granite Suite soils, onto the
coastal plains, the latter comprising the Malmesbury or
Bokkeveld Group shales. The downstream coastal plain
zone contrasts with the upstream counterparts in having
lower-gradients, finer sediments and less confined chan-
nels. The dominant geomorphological process here is depo-
sition, in contrast to the mountain stream zone where it is
erosion (Davies and Day 1998).
Riparian vegetation in the fynbos biome is normally dis-
tinctive from the surrounding fynbos vegetation, even though
it occurs under similar macroclimatic conditions (Boucher
1978b). The predominant vegetation type of riparian zones
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in the Western Cape has been variously named closed
scrub fynbos (Campbell 1986, Cowling and Holmes 1992,
Cowling et al. 1997), hygrophilous mountain fynbos (Taylor
1978) and broad sclerophyllous closed scrub (Kruger 1978).
This vegetation is described as being similar to forest and
thicket in its relatively high cover of mesophyllous non-pro-
teoid woody plants, but dissimilar in its high cover of
restioids and presence of Ericaceae (Cowling and Holmes
1992). The above describes the predominant structural type,
yet other types, from tall herbland to forest, may occur in the
riparian zone (Kruger 1978). Afromontane forest may devel-
op in areas of steep topography and boulder screes that
afford protection from fires.
Riparian vegetation in downstream systems of the coastal
forelands has in most cases been transformed by agriculture
and no Western Cape river remains undisturbed between
the foothills and the sea (Brown 1998). It is not certain what
the historical vegetation assemblages would have been in
these downstream systems. It is likely that the interplay
between substratum type (clay vs sandy soils), climate and
fire frequency would have determined whether fynbos,
renosterveld, Acacia karroo thicket or forest vegetation
types would have predominated in downstream riparian
zones.
Invasion by alien trees, particularly Australian Acacia (e.g.
Acacia mearnsii, A. longifolia and A. saligna) and
Eucalyptus species (especially E. camaldulensis; Forsyth et
al. 2004), has had a large negative impact on riparian vege-
tation throughout the Western Cape (Richardson et al.
1992). These invasive species displace the indigenous veg-
etation and may reduce water flows and alter sediment
dynamics and channel form, thus also directly affecting the
aquatic systems. Dense alien stands may obstruct the flow
of water during flooding, leading to the erosion of the water-
courses and the conversion of well defined rivers into diffuse
systems of shallow channels, that in low-flow periods may
be further colonised by aliens (Hoffmann and Moran 1988).
In response to the rapid spread of these thicket-forming
invasive trees, the ‘Working for Water’ programme was initi-
ated in 1995 to control invasive aliens in order to safeguard
water production and water quality (Van Wilgen et al. 1998).
Control is effected by means of appropriate mechanical,
chemical and biological methods.
Riparian vegetation that has been invaded for several
decades may not rapidly recover following alien clearing
operations, owing to the elimination of indigenous vegetation
and the depletion of its propagule bank (Galatowitsch and
Richardson 2004). In areas where a local propagule source
is not available, or is depauperate, it will be necessary to
restore riparian vegetation following alien clearance. In order
to re-introduce appropriate species, it is necessary to predict
the likely pre-invasion vegetation assemblage (i.e. the
restoration target community).
The objective of this study was to provide baseline infor-
mation on riparian plant community structure from a range of
non-transformed habitats. The intention was to use the
results to define benchmarks for restoring degraded riparian
sites in the Western Cape.
Materials and Methods
Sampling sites
Riparian vegetation was sampled along six rivers and their
tributaries in the Western Cape (Table 1). In all cases sam-
pling was confined to the headwater systems of the moun-
tains or foothills. In the case of the Palmiet and Rooiels
Rivers, where mountains abut the sea and there is no
coastal plain, some samples were located at low altitude.
Most of the sampling sites were located in pristine riparian
vegetation. However, a few sites did contain low densities of
alien species, which were either still present or had recently
been cleared. Sample sites in the Palmiet River differed
from the others in that areas upstream of sampling were not
pristine, but were impacted by deciduous fruit orchards and
forestry (predominantly pine) and dense alien invasions.
This is owing to the Palmiet River and its tributaries travers-
ing the fertile Elgin Basin before entering the southern por-
tion of the Kogelberg Nature Reserve.
Sampling procedures
The mature vegetation in 76 plots was sampled between
April and September 1999 (Table 1). To allow for comparison
with other vegetation studies in the fynbos biome, a rectan-
gular (10m x 5m) plot was chosen (Boucher 1978a, Taylor
1984, McDonald 1993). The long side of the plot was placed
parallel to the riverbank, thus capturing a 5m band of ripari-
Table 1: Location of sampling plots
River Map Reference Position No. plots sampled Locality range of plots Altitudinal range of plots (m)
Wit 3319CA Bainskloof Pass 20 33°34’25”S 19°08’60”E– 260–570
Bainskloof 33°37’30”S 19°06’50”E
Steenboks 3319CA Bainskloof Pass 7 33°32’20”S 19°07’10”E– 340–440
Bainskloof 33°32’50”S 19°08’20”E
Molenaars 3319CA Du Toitskloof Pass 21 33°42’25”S 19°14’00”E– 260–480
Bainskloof 33°43’80”S 19°06’60”E
Rooiels 3418BD Kogelberg Nature Reserve 5 34°18’15”S 18°49’60”E– 40–50
Hangklip 34°18’00”S 18°50’50”E
Palmiet 3418BD Kogelberg Nature Reserve 9 34°15’50”S 18°55’35”E– 40–100
Hangklip 34°16’70”S 18°59’60”E
Eerste 3318DD Jonkershoek Nature Reserve 14 33°58’45”S 18°56’20”E– 240–380
Stellenbosch 33°59’70”S 18°58’50”E
769
an vegetation. In most cases this was adequate to capture
both wet and dry bank lateral zones, incorporating the lower
shrub and upper shrub zones (Boucher 1998). The intention
was to sample the generalist riparian community, as
opposed to the neighbouring terrestrial community, and not
to disaggregate the various riparian vegetation lateral zones,
some of which were very narrow or absent.
In each plot, percentage cover values were assigned to
each species from visual estimates of their projected canopy
cover and species densities determined from counts of the
total numbers of individuals present.
Average soil depth was estimated by hammering a steel
rod into the soil until reaching an impenetrable layer, at five
random points within each plot. A soil sample was taken
from each plot by removing a few trowelfuls in the upper
50mm immediately below the litter layer and mixing them
together. The samples were air-dried and the pH measured
in 30g sample of soil suspended in 75ml of deionised-dis-
tilled water using a pH meter (WTW 320 pH meter,
Germany). The proportions of coarse, medium and fine
sand in each soil sample were determined using the
Bouyoucos particle size method (Bouyoucos 1962). The
percentage cover of surface rocks in each plot was esti-
mated visually.
Vegetation and environmental analyses
Vegetation from the 76 samples was classified using
TWINSPAN (DOS version; Hill 1979), and the groupings val-
idated against a Detrended Correspondence Analysis (Hill
and Gauch 1980). Alien species and rare unidentifiable
species were excluded from the ordination. Community
identities (designations) were based wherever feasible on
two diagnostic species, a differential and a dominant species
(Taylor 1996). Canonical Correspondence Analysis (CCA),
was also applied to assist the interpretation of plot and
species patterns in relation to environmental variables (Ter
Braak 1991). Environmental data incorporated in the analy-
sis included altitude, slope, rock cover, soil depth, percent-
age coarse, medium and fine sand, soil pH and total vege-
tation cover. Geological properties (Table 2) were extracted
from an electronic geological dataset (Council for
Geosciences) integrated in the Protea Atlas Project using
the plot locality data in ARCMAP.
Statistical analyses
Measured environmental parameters were tested for signifi-
cant differences between delineated communities by apply-
ing a non-parameteric Kruskall Wallis H-test. Significantly
different means were separated by applying Dunn’s test.
Results
Riparian vegetation classification and ordination
No distinctive communities emerged from the initial
TWINSPAN classification, which comprised a high propor-
tion of common indigenous taxa (Table 2). Subsequent
manipulations of rows and columns delineated four prospec-
tive communities with 15 residual plots remaining as outliers
(Table 2). These communities included:
1.The Nivenia corymbosa–Brachylaena neriifolia Community
(abbreviated name: Nivenia Community) which comprises
two unique species, Nivenia corymbosa and Pentaschistis
pallescens, and three community dominants, namely
Brachylaena neriifolia, Cannomois virgata and
Metrosideros angustifolia. The community is located on
shallow soils with a low pH underlain by sandstone (Table
3) and confined to the Wit River. This concurs with the
reported restriction of Nivenia corymbosa to the
Bainskloof–Tulbagh area (Goldblatt and Manning 2000).
2.The Leucadendron salicifolium–Berzelia lanuginosa
Community (abbreviated name: Leucadendron Community)
characterised by the high frequency and dominance of
Metrosideros angustifolia and Cannomois virgata. The
community occurs on deep, acidic soils at lower altitudes
underlain by sandstone. It was broadly distributed, occur-
ring in five of the six rivers examined, except the
Molenaars River, but is most common in the Palmiet River
system. It contrasts with the other communities in that the
riparian tree Podocarpus elongatus is usually absent.
3.The Cliffortia ruscifolia–Metrosideros angustifolia
Community (abbreviated name: Cliffortia Community)
characterised by the presence of Cliffortia ruscifolia, fre-
quent dominance of Metrosideros angustifolia and
Diospyros glabra, and absence of Prionium serratum. The
community is prominent at higher altitude on soils of inter-
mediate depth and pH, underlain by sandstone and pres-
ent in all rivers sampled.
4.The Kiggelaria africana–Brabejum stellatifolium Community
(abbreviated name: Kiggelaria Community) had no char-
acteristic species, although in the Eerste River it is char-
acterised by the presence of Kiggelaria africana and Olea
europaea subspecies africana with Brabejum stellatifolium
and Metrosideros angustifolia occurring frequently as
dominants. This community is most common on deeper,
moderately acidic soils underlain by granites and is pres-
ent in all rivers sampled.
The results of the DCA ordination are graphically illustrat-
ed in Figure 1. The eigenvalues of axes 1 and 2 of the DCA
for the sites were 0.67 and 0.52 respectively. No community
was tightly clustered in the ordination, and only two of the
proposed communities were separated in the ordination
along axis 1, namely the Leucadendron and Kiggelaria
Communities, with the other communities appearing as
intermediates. The Nivenia Community was compositionally
more closely related to the Leucadendron Community but
the Cliffortia Community’s compositional attributes were dif-
fuse.
Axes 3 and 4 of the ordination contributed no further clus-
tering of the communities suggesting a community continu-
um bounded by the Leucadendron and Kiggelaria
Communities.
Vegetation–environment relationships
Only three of the environmental variables measured, name-
ly soil pH, altitude and soil depth, differed significantly
between some of the proposed plant communities (Table 3).
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The Nivenia and Leucadendron Communities were associ-
ated with lower soil pH than the Kiggelaria Community; this
a consequence of an underlying geology of sandstone in the
first two communities compared with predominantly granite
in the third (Table 2). The Leucadendron Community was
found at significantly lower altitudes than the other commu-
nities. The Nivenia Community occurred on shallower soils
than the Leucadendron and Kiggelaria Communities.
The data set that incorporated all environmental factors
produced eigenvalues for the first two CCA axes of 0.35 and
0.27. The biplot indicating site positions and vectors for the
nine environmental factors is shown in Figure 2. Altitude and
pH had the highest canonical coefficients for Axis 1 (–0.66
and –0.57 respectively) and medium sand and soil depth for
Axis 2 (0.63 and 0.62 respectively). The CCA resulted in lit-
tle separation of sites from the different rivers (Figure 3),
with the exception of six plots from the Palmiet River that
grouped on the positive side of Axis 1. These comprised
mostly Leucadendron plots that differed environmentally and
floristically from those in the other rivers sampled. These
results indicate that the Leucadendron Community is asso-
ciated with lower soil pH and altitude. Species highly corre-
lated with low values of soil pH and altitude were Erica per-
spicua, E. sessiliflora, Cliffortia graminifolia and Brunia albi-
flora, and those with high levels of these environmental
parameters were Heeria argentea, Myrsine africana and
Cynanchum africanum.
Discussion
Four longitudinal plant communities were delineated for the
mountain and foothill zones of the six rivers examined
between Bainskloof and Kleinmond. Noteworthy, was the
large number of unclassified plots and community overlap in
the ordination based exclusively on floristic composition.
This pattern suggests a plant community continuum rather
than a series of unique communities with distinct bound-
aries. The most distinctive of these is the Leucadendron
salicifolium–Berzelia lanuginosa Community, but even this
community shares many of its common riparian species with
those of the other communities.
Riparian vegetation in the Western Cape mountain and
foothill zones comprises a mixture of terrestrial fynbos ele-
ments as well as non-fynbos plants that are adapted to the
specific ecological conditions present close to the river
(Sieben 2003). Many of the riparian specialist species are
nevertheless relatively widespread in their distribution,
occurring in most riverine systems in the Western Cape.
Fynbos shrublands also contain a number of generalist
species that may result in communities forming a continuum,
for example, as was found in Swartboschkloof where com-
munity boundaries were difficult to interpret (McDonald
1987). Generalist fynbos and riparian species, together with
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Figure 1: Detrended correspondence analysis ordination of ripari-
an vegetation plots indicating positions of (a) plant communities and
(b) rivers
Table 3: Mean values and standard deviations of environmental parameters associated with delineated riparian communities. Values with
similar superscript letters not significantly different at P ≤ 0.05
Environmental parameter Community H-statistic
Nivenia Leucadendron Cliffortia Kiggelaria (P value)
No. of samples 9 14 17 21
Altitude (m) 324 ± 72.0ab 200 ± 188a 388 ± 14.6b 298 ± 28.1ab 10.3 (0.016)
Slope (°) 12.1 ± 12.7 11.8 ± 13.1 14.5 ± 13.9 10.4 ± 6.70 1.04 (0.792)
Rock cover (%) 9.78 ± 15.0 17.6 ± 17.7 17.5 ± 17.6 16.9 ± 24.5 2.80 (0.424)
Soil depth (m) 0.13 ± 0.14a 0.51 ± 0.46b 0.34 ± 0.36ab 0.46 ± 0.42b 9.98 (0.019)
% coarse sand 38.4 ± 15.4 31.5 ± 9.99 36.7 ± 20.8 31.7 ± 21.0 1.40 (0.705)
% medium sand 10.5 ± 8.00 24.0 ± 14.9 15.4 ± 14.4 16.4 ± 15.1 5.85 (0.119)
% fine sand 8.11 ± 5.21 7.29 ± 7.25 8.81 ± 7.36 9.33 ± 7.17 3.10 (0.377)
pH 3.96 ± 0.39a 3.91 ± 0.58a 4.50 ± 0.88ab 4.64 ± 0.39b 22.6 (<0.0001)
Vegetation cover (%) 90.4 ± 10.3 89.6 ± 8.65 85.9 ± 15.2 87.9 ± 9.82 0.524 (0.914)
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many infrequently-occurring species that have limited value
in distinguishing communities (47% of species occurred in
fewer than 5% of plots), likely explain the poor definition of
communities.
The interplay between substratum, topography and fire are
important in determining both riparian community structure
and its lateral extent. Fynbos elements occurring in the ripar-
ian zone are adapted to regular fires and most of the com-
mon riparian scrub species are resprouters that can survive
periodic fires. By contrast, the forest species, such as
Kiggelaria, Olea and Rapanea, require long fire-free intervals
for establishment before they are large enough to withstand
fires. Where the river channel is deep, with steep banks or
adjacent boulder scree, fires may skip across the riparian
zone allowing taller scrub or forest to develop on the banks.
Depending on local conditions, forest communities may be
flanked in the back dynamic zone by scrub or fynbos com-
munities. Where the topography is flat and the substratum is
not rocky, fires are more likely to penetrate the riparian zone,
thus promoting the establishment of fire-adapted elements.
A finer definition of riparian plant communities may have
been achieved by sampling the entire lateral gradient from
the wet bank zone through to the back dynamic zone using
a transect approach (Boucher 1998, Sieben 2003). Riverine
vegetation is influenced by the flood regime, with frequency
of inundation and stream power being the most important
determinants of lateral zonation (Sieben 2003). However, in
the headwater streams of the mountains it was found that
the lateral zones were less obvious than in foothill and lower
reaches (Sieben 2003). The focus of this study was rather to
identify broad riparian communities associated with any
major longitudinal environmental factors.
The most important environmental determinants of ripari-
an community composition in this study were soil pH and
depth, followed by altitude and soil texture. Soil pH largely
reflected the underlying geology, with lowest values associ-
ated with sandstone-derived parent materials and the high-
er values associated with granite parent materials. In a study
of riparian vegetation in the Hottentots Holland Mountains,
Sieben (2003) also found that plant communities on different
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Figure 2: Canonical correspondence analysis biplot showing plot positions and vectors at a scaling of 5.0. Plot numbers are indicated, fol-
lowed by a lower case initial representing the first letter of the river name (an exception is ‘j’ indicating the Eerste River at Jonkershoek)
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parent materials (shales and granites versus sandstones)
were quite distinctive, with altitude being the next most
important environmental determinant. The Kiggelaria
africana–Brabejum stellatifolium Community was most likely
to occur over granite parent materials. A number of
Afromontane Forest elements, including Rapanea
melanophloeos and Olea europaea subspecies africana in
this community indicate that its existence also requires pro-
tection from regular fynbos fires and drought-season access
to the water table (Sieben 2003).
Altitude was not sampled over a high proportion of the
potential range in this study, and thus was not a particularly
useful indicator of plant community composition.
Nevertheless, the Leucadendron salicifolium–Berzelia
lanuginosa Community appeared to be associated with
lower-altitude sites on deep acid sands.
Conclusions and Recommendations
It is concluded that the restoration of degraded riparian
communities in the mountain and foothill zones of the
Western Cape should be guided by site geology (i.e. granite
vs sandstone parent materials) and soil physical and chem-
ical properties (pH, texture and depth) with altitude of sec-
ondary importance. In all cases, the restoration target plant
community should comprise a large proportion of generalist
riparian scrub species, such as Metrosideros angustifolia,
Brabejum stellatifolium, Diospyros glabra, Brachylaena ner-
iifolia, Psoralea pinnata, Cannomois virgata and Elegia
capensis, which are widespread in all communities delineat-
ed. Common fynbos elements from neighbouring terrestrial
vegetation also form part of most riparian plant communities.
It is recommended that in planning a restoration operation
as, for example, following the clearance of dense wattle that
has dominated a riparian site for many decades, a site
assessment should include a scan of upstream riparian
communities and neighbouring terrestrial plant communities.
Both are potential sources of suitable propagules for restor-
ing the site. If the adjacent vegetation is relatively intact, the
disturbed site may rapidly recover through natural re-coloni-
sation. The advantage of natural re-colonisation, apart from
a large saving in costs, is that the local gene pools will be
maintained. Alternatively, if the surrounding landscape is
highly degraded, the re-introduction of species should be via
seed or propagated material from sites whose environmen-
tal characteristics most closely resemble those of the com-
munity being restored. Particular emphasis should be placed
on re-introducing the common and generalist riparian
species, particularly those adapted to fire, as these are most
likely to quickly re-establish appropriate vegetation structure
and resilient plant cover. If any specialist species are totally
eliminated from a river system, then some consideration
should be given to their re-introduction from the nearest
alternative source. However, such attempts should be prag-
matic. For example, Afromontane forest elements should not
be introduced in areas that are unlikely to be protected from
fynbos fires by deep gorges or other natural features.
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